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. Table 1 or Table S1 . S11 Figure S8 . TD-GC-MS total ion chromatogram (TIC, bottom row 1) and selected ion recording (SIR, 2-6) chromatograms of a standard solution analysis (c=10-50 ng in sorbent tube). Analysis conditions are presented in Table S2 (TD-GC-MS2). 
TEXT S1. Comparison between online and offline TD-GC-MS sampling

S1.1 Overview of comparison parameters and conditions
As outlined in the main text Section 2.3.4, online sampling mode was compared to offline sampling mode with TD-GC-MS1. The experiments were done as shown in the schematic setup shown in Fig. S2 . The sampling flow rate was 40 mL/min for 30 min in online mode sampling (total volume 1.2 L). The online sampling was performed via an empty stainless-steel tube directly into the Tenax TA/Carbopack cold trap (Fig. S11 ). In the offline sorbent tube sampling, the flow rate was 100 mL/min for 30 min (sampling volume 3.0 L). The online and offline mode sampling times were harmonized. The analyte concentrations were typically in the level of 9.3-13.2 µg/m 3 for MTs, 8.4-13.8 µg/m 3 for SQTs, 1.7-11.4 µg/m 3 for DTs and 8.8-9.9 µg/m 3 for other VOCs. The analytes were always injected as a mixture of all compounds.
Figure S11. Schematic diagram of the conventional online sampling mode in the TD (adapted from instrument user's guide). The red arrows indicate the online sampling mode flow directions. In the TD unit used in this study, the Nafion drier was replaced with a ca. 10 cm long Teflon tubing (i.d. 1/16 in.).
The TD-GC-MS analysis conditions were otherwise exactly the same with both sampling modes (see Table  S2 ), with the exception that in the online mode there was no primary desorption step. In online sampling mode, the sample is drawn in through an empty tube held at room temperature and directly focused onto the cold trap. Thus, there is theoretically no need for primary desorption. In online sampling mode, the instrument software allows only an option to control the secondary desorption.
The different sampling mode results were compared to each other based on recoveries as shown in equation:
Recovery = analyte concentration in online mode (μg m 3 ) ⁄ analyte concentration in offline mode (μg m 3 ) ⁄ * 100%
S1.2 Initial trials and problem identification
It was observed that some of the analytes were lost in the online sampling mode. In the TD unit, an empty sorbent tube was used in the online mode to connect the online sampling box to the main TD (see Fig. S11 ). This empty tube has a high surface area compared to the other TD parts in the sample path and therefore is a probable source of poor recoveries. To test the losses into the empty stainless-steel tube used in online sampling, the empty tube was heated after the sampling to 300 °C and compounds desorbed were analyzed.
In this re-analysis of the empty tube, multiple different compounds could be detected in surprisingly high amounts. For example, β-farnesene was observed in the empty tube in such a high amounts, that it would explain approximately 44 % of the amount lost during online sampling. Ent-kaurene and cembrene were observed in the empty tube in amounts that would explain roughly 2 % and 12 % of the lost fraction, respectively. For caryophyllene oxide, the corresponding portion was estimated to be 14 %. Of the compounds that were completely lost (or below LOQ) in the online sampling, only 3-MA could not be detected in the empty tube run. If a clean sorbent tube was analyzed after online sampling instead of the empty tube used in the online sampling, no compounds were detected. Since the blank sorbent tube run after the online analysis did not show any analyte peaks, and yet the following empty tube analysis showed analyte peaks, it indicates that the lost analyte fraction is most likely lost partially into the empty tube and partially to TD parts/lines prior to the heated valve ( Fig. S11 ).
In Fig. S12 are shown the recoveries obtained with three different empty stainless-steel (SS1-SS3) tubes used in online sampling mode. Overall, the recoveries of most MTs were acceptable with all three tubes (on average 96±6 %), except linalool recovery was fairly poor with two of the tubes (≈66 %) and with one tube linalool amount was below LOQ (Fig. S12 ). For almost all other analytes, mixed results were obtained with the different empty tubes tested. Sesquiterpenes (excluding β-farnesene) recoveries were satisfactory with two of the tubes tested (84±10 %), but with one of the tubes the SQTs recoveries were extremely poor (<25 %). Most notably, diterpenes were not observed in the online samples with any of the tubes tested. The empty tube cleaning (ultrasonication in methanol for 60 min and drying at 300 °C for 30 min) did not improve the online sampling performance. With some of the compounds, the recovery improved in consecutive repetitions, e.g. with linalool, bornylacetate and α-humulene the recoveries increased from 50 to 87 %, from 67 to 107 % and from 41 % to 105 %, respectively (between the first and second repetition).
Based on these results it can be concluded that β-farnesene, all DTs and caryophyllene oxide were commonly lost in significant amounts in online sampling. These compounds were lost at least partially into the inner surface of the empty stainless-steel tubes used for connecting online sampling box to the main TD. However, a significant fraction of the losses were not recovered by the re-analysis of the empty tubes, which indicates that those compounds are either totally lost into the tubes or losses are also occurring in the other parts of the TD unit.
Figure S12.
Recoveries obtained with three different empty stainless-steel (SS) tubes tested in online sampling. The error bars represent repeatability (n=2). The empty spaces marked with asterisk are results where the online sampling analyte concentrations were <LOQ.
S.1.3 Glass tube in online sampling
Since poor recoveries were observed with the stainless-steel empty tubes, an empty glass tube (from PerkinElmer Inc., Waltham, MA, USA) was tested in the online sampling mode. In general, the recovery results ( Fig. S13 ) obtained with the empty glass tube were much better when compared to the results obtained with stainless-steel tubes. The recoveries of monoterpenoids and sesquiterpenes were acceptable, on average 85±6 % and 80±3 %, respectively (Fig. 13 ). Even β-farnesene could be detected and the recovery was 85±2 %; a notable improvement to previous online sampling mode results (Fig. S12 ). Furthermore, with the glass tube, caryophyllene oxide and DTs could be detected, however, the recoveries were still fairly poor (on average from 19±16 % to 81±66 %). With those compounds, the recoveries were improving in consecutive repetitions (n=4), e.g. with ent-kaurene from 16 % to 63 % and with cembrene from <LOQ to 156 %. Overall, the results obtained with the glass tube were promising, especially when compared to the results obtained previously with the stainless-steel tubes. 
S1.4 Effect of relative humidity
The effect of relative humidity (RH) on recoveries was tested with both empty stainless-steel tube and glass tube. Three different RH levels were tested (5 %, 40 % and 70 %). With each RH level, two repetitions were done.
The recovery results for both empty tube materials are shown in Fig. S14 . With both tubes, the MTs recovery levels decreased slightly as the RH increased, e.g. with the stainless-steel tube the recoveries were on average 94±12 %, 89±6 % and 86±3 % at RH=5 %, RH=40 % and RH=70 %, respectively, although the difference in decline is within the standard deviation. With the stainless-steel tube, most sesquiterpenes recoveries stayed fairly constant at different RH levels (82±9 % at RH=5 %, 84±3 % at RH=40 % and 82±1 % at RH=70 %), except with β-farnesene which had an increasing recovery as the RH increased (Fig. S14a) . Clearly, the increased RH level affected positively to the online sampling efficiency of β-farnesene with the stainless-steel tube. With the empty glass tube, the sesquiterpenes recoveries decreased slightly as the RH increased, on average from 90±4 % to 82±5 % (Fig. S14b) . In general, with the glass tube, almost all other compounds showed either slightly decreasing recovery trend or the recoveries stayed fairly constant as the RH increased, except DTs and caryophyllene oxide. These compounds showed higher recoveries as the RH increased (on average recoveries increased from 21±14 % to 51±20 %, Fig. S14b ). Similar trend was noticed with the stainless-steel tube, DTs and caryophyllene oxide recoveries increased from not detected to 15±17 % as the RH increased (most notably with caryophyllene oxide, Fig. S14a ). Collectively, the results indicate that the compound losses in online sampling mode are lower when the sample air RH is higher. Figure S14 . The effect of relative humidity (RH=0, 40 and 70 %) on analyte recoveries when using (a) stainless-steel empty tube or (b) glass tube. The error bars represent repeatability (n=2). The empty places marked with asterisk indicate online mode results <LOQ.
S1.5 TD unit line replacements
Since a fairly large portion of the losses of some compounds could not be explained by the empty tube accounted losses, some of the TD unit lines were replaced. As presented in Fig. S11 , the online sample goes normally through a Nafion drier installment. In our TD unit, this was modified already from the beginning so that the Nafion dryer was replaced with a short piece of Teflon tubing. This setup was now further changed so that the lines between the connections and valves were changed from stainless-steel to Teflon tubing and the lines were made generally shorter. Specifically, the line from sample inlet to valve 1 and the line from valve 1 to valve 2 were replaced (Fig. S11) . The other lines could not be easily changed and these were left as such (original stainless-steel tubing).
Unfortunately, the line replacements caused initially a general overall decrease in recoveries (data not shown). During first set of repetitions (with stainless-steel empty tube used in online sampling), even the MTs recoveries were fairly poor (on average 73±12 %). In general, the recoveries were roughly on average 10-20 % lower after the TD lines were changed from stainless-steel to Teflon tubing. However, over time when the experiments were repeatedly performed, the recoveries started to improve and eventually reached a similar level as prior to the line changes (Fig. S15) . In fact, the recoveries of caryophyllene oxide and DTs were slightly better after the line changes than prior to line changes. Figure S15 . The results obtained after the TD unit line changes from stainless-steel lines to Teflon lines. Experiments were performed at RH=0 % by using an empty glass tube in online sampling. Error bars represent repeatability (n=2). The empty spaces marked with asterisk indicate online mode results <LOQ.
S1.6 Recoveries with an empty glass coated stainless-steel tube
According to TD-GC-MS manufacturers' recommendation (personal communication), an empty stainlesssteel tube with glass coated inner surface (from PerkinElmer Inc., Waltham, MA, USA ) was tested in online sampling. This glass coated stainless-steel tube was reportedly better in terms of robustness when compared to the plain glass tube. In addition, it was speculated that the glass coated stainless-steel tube might work better in online sampling than the plain glass tube due to slightly higher tube temperature. In online sampling mode, the empty tube is theoretically at room temperature during sampling, however, the upper part of the tube is connected to the heated valve via a fixed metallic tube holder (Fig. S11) . Thus, in practice the heat was transferred through the metal parts to the upper part of the tube and the stainless-steel tube was unintentionally slightly heated. Since heat is beneficial for avoiding terpene losses, it was speculated that the difference between the plain glass and glass coated stainless-steel tube might be observable due to the difference in material heat transfer capability.
As can be seen Fig. S16 , the recoveries were on a similar level with the glass coated stainless-steel tube and with the previously tested plain glass tube. The speculated improved heat transfer effect did not seem to affect the recoveries in reality. Both empty tubes that had glass inner surface performed generally better than the stainless-steel tube in online sampling. This was especially the case in the recoveries of βfarnesene, DTs and caryophyllene oxide (Fig. S16) . Figure S16 . Comparison of the recovery levels obtained when using either stainless-steel (SS), glass tube or glass inner surface coated stainless-steel tube in online sampling at RH=0 %. The error bars represent repeatability (n=2). The empty spaces marked with asterisk indicate online mode results <LOQ.
The effect of RH on recoveries from the glass coated stainless-steel tube (Fig. S17) was similar as previously with the plain glass tube (Fig. S14b) . The recoveries of DTs and caryophyllene oxide increased as the RH increased. It seems that if the RH is high enough, the online sampling agrees fairly well with the offline sampling results. 
S1.7 Summary of results
The comparison of results obtained by online and offline mode sampling revealed that some compounds were partially lost in the online sampling. In general, the losses were compound specific and mainly restricted to β-farnesene, caryophyllene oxide and DTs. Monoterpenoids and other sesquiterpenes results agreed fairly well between both sampling modes. The main parameters observed to affect the recoveries of SQTs and DTs were sample air relative humidity and the material of the empty tube used in online sampling (or materials in general in the sample air path). Empty tubes made of glass performed better than stainlesssteel tubes in online sampling. When the glass tubes were used in online sampling, β-farnesene had acceptable recovery (≈87 %). Also, with the glass tubes diterpenes and caryophyllene oxide could be detected, and at high RH level the recoveries were on average satisfactory (≈64 %), although the uncertainties in results were substantial. With stainless-steel tubes, the recoveries of DTs were poor (<35 %) even at the highest RH level.
Our tentative results indicated that in long-term use of online sampling the recoveries may stabilize and improve. We had on maximum four consecutive repetitions, which showed improvement in recoveries of some of the compounds. However, this should be studied further in future with more repetitions.
In summary, online TD-GC-MS sampling and analysis can be used for the quantification of monoterpenoids and sesquiterpenes in air samples. However, the quantification of DTs and caryophyllene oxide can be challenging. Based on the results presented here, it is recommended to use empty tubes which have glass inner surface in online sampling. In addition, the sample air relative humidity should be controlled (if possible) and monitored. Since the relative humidity seemed to have an effect on online sampling performance of DTs and caryophyllene oxide, it might be necessary to derive correction equation experimentally to harmonize the results if the RH changes in sample air. The chromatogram is scaled for presentation purposes, peak number 9 is not showed in full height in order to visualize the other peaks more clearly. Peak identification: 1. Unidentified (C19H30), 2. Unidentified (C19H28), 3. Unidentified (C18H26O), 4. Unidentified (C19-20H32O0-2), 5. Unidentified (C20H32), 6. Sandaracopimaradiene, 7. Unidentified (C19-20H28O0-1), 8. Unidentified (C20H30-32O0-2), 9. 13-epi-manool oxide, 10. Unidentified (C19-20H28-32O0-1), 11. Unidentified (C19-20H28O0-1), 12. Unidentified (C20H34O) and 13. Abietadiene. See Table S4 for further information on peak identification. Figure S20 . Selected ion recording (SIR) chromatogram from the TD-GC-MS1 analysis of spruce twigs dynamic headspace sorbent tube sample (sampling at 60 °C for 20 min at flow rate of 100 mL/min). The five m/z ions included in the SIR were m/z 93, 229, 257, 272 and 275. The TIC is scaled for presentation purposes, peak number 3 is not showed in full height in order to visualize the other peaks more clearly. Figure S23 . Example of total ion chromatogram (bottom) and selected ion recording (SIR, 2-6) chromatograms from the TD-GC-MS2 analysis of spruce branch enclosure experiment sample on the 10 th of August, 2019 (sampling at 59±1 °C for 30 min at flow rate of 100 mL/min).
